Introduction

Elevated
Lipoprotein(a) [Lp(a)], also called hyperlipoproteinemia(a), is a highly prevalent genetic risk factor for cardiovascular disease (CVD). According to the National Heart Lung and Blood Institute (NHLBI) report published in 2018, an estimated 1.4 billion people globally have Lp(a) levels ! 50 mg/with a prevalence ranging from 10% to 30% and possibly higher in patients with established atherosclerotic cardiovascular disease (ASCVD), calcific aortic valve disease (CAVD), or chronic kidney disease (CKD).
1,2 Importantly, elevated Lp(a) levels can occur in patients with otherwise normal lipid levels. Genetic, epidemiologic, and pathophysiologic studies show Lp(a) is a causal factor for coronary artery disease (CAD), myocardial infarction (MI), stroke, peripheral arterial disease (PAD), CAVD, and heart failure. 1e9 This increased risk caused by elevated Lp (a) has not yet gained recognition by practicing physicians. In 1963, geneticist Kare Berg 10 discovered a new antigen (in human sera) associated with low-density lipoprotein cholesterol (LDL-C) and named it Lp(a), in accordance with the prevailing nomenclature of antigens in immunogenetics. The milestones pertinent to research advances regarding Lp(a) over the past decades are listed in Table 1. 1e11 By the 1980s, it became clear that
Lp(a) is a genetic trait seen in 25e30% of people of European
Abbreviations: ACC, American College of Cardiology; AHA, American Heart Association; AMI, acute myocardial infarction; apo(a), apolipoprotein(a); ASCVD, atherosclerotic cardiovascular disease; CAVD, calcific aortic valve disease; CNV, copy number variation; GRS, genetic risk score; GWAS, Genome-Wide Association Studies; HMW, high molecular weight; KIV-2, kringle IV type-2 repeats; LMW, low molecular weight; LPA, Lp(a) gene; Lp(a), lipoprotein(a); MACE, major acute cardiovascular events; MR, Mendelian randomization; NHLBI, National Heart Lung and Blood Institute; OR, odds ratio; OxPL, oxidized phospholipids; SNP, single nucleotide polymorphism.descent (based on the prevalence of small Lp(a) isoforms that are associated with higher Lp(a) levels).
12, 13 Kamstrup et al 14 demonstrated an increased risk of atherosclerotic stenosis in the coronary, carotid, and femoral arteries as a function of genetically elevated Lp(a) levels. Mendelian randomization (MR) studies have demonstrated a linear doseeresponse relationship for variations of LPA gene to both increased level of Lp(a) and an increased risk of CAD (Table 2) . 1,12,15e25 Analysis of pooled data involving 126,634 participants in 36 prospective studies (1970e2009) demonstrated a logeelinear relationship of Lp(a) levels to acute myocardial infarction (AMI) and stroke. 26 During 1.3 million person-years of follow-up, 22,076 firstever major acute cardiovascular events (MACEs) occurred, including 9336 CAD events, 1903 ischemic strokes, and 338 hemorrhagic strokes. 26 Data confirm that the relationship of Lp(a) level to elevated CAD risk is logelinear with risk beginning at !20e30 mg/dl and accelerating log linearly with level !50 mg/ dl. 1,9,16,26e28 The INTERHEART-Lp(a) study has shown that elevated Lp(a) concentration, and the risk conferred by elevated Lp(a) vary significantly by ethnicity.
11
With this backdrop, we examine the role of Lp(a) in detail, including pathophysiological aspects, Lp(a) gene (LPA) and structure, issues related to measurement, assay methods, and reporting of Lp(a) level and its management. We provide evidenced-based Table 1 Milestones in establishing Lp(a) as a risk factor for ASCVD (Refs 1e10,11).
1
Kare Berg discovers a new antigen in human sera associated with LDL-C and names it Lp(a) in accordance with prevailing nomenclature for antigen patterns in immunogenetics. 2 Lp(a) is found to be a highly prevalent genetic trait with high levels observed in 20e30% of the population of European descent. 3
Lp(a) levels are relatively independent of age and gender and vary 1000-fold among individuals (including siblings). Diet and nutritional factors have minimal influence on Lp(a) levels. 4 Lp(a) is found to be the preferential carrier of oxidized phospholipidsda novel proatherogenic and proinflammatory biomarker implicated in destabilizing vulnerable coronary plaques, resulting in ACS. 5 Epidemiological and case-control studies show elevated Lp(a) to be an independent ASCVD risk factor with a 2-fold risk (see Table 2 for ASCVD risk in genetic studies). 6 Three studies from PHS found no association between elevated Lp(a) and AMI, stroke, or PAD, and temporarily dampened Lp(a) research. This failure to find an association was later ascribed to the use of stored sera and importantly to the use of an assay that was sensitive to Lp(a) isoforms. 7 Marcovina et al develop and validate an isoform-insensitive ELISA that becomes the reference standard for measuring Lp(a) levels. A fourth report from PHS using this assay ELISA and fresh serum find strong correlation of elevated to CAD, reviving interest on Lp(a) research. 8
Numerous studies using fresh serum and using isoform-insensitive ELISA find consistent association of elevated Lp(a) with CAD and other forms of CVD. 9
Several studies using fresh serum and genetic studies show that ASCVD risk begins at Lp(a) levels !20 mg/dl. 10
European Atherosclerosis Society Consensus Panel chose a threshold of Lp(a) at ! 50 mg/dl, whereas NHLBI-WG chose Lp(a) !30e50 mg/dl as the atherothrombotic range. 11
The INTERHEART Lp(a) study in people of seven largest ethnicities demonstrates wide interethnic differences in Lp(a) levels and on the AMI risk conferred by elevated Lp(a). 12 Lipoprotein apheresis, on top of maximally tolerated statin therapy, can substantially lower ASCVD risk (up to 85%) as well as regress coronary atherosclerosis. 13 The NHLBI-WG reports that 1. Genetically elevated Lp(a) was associated with 22% increase in MI per doubling of Lp(a) level. Clarke, R 17 
2009
Two SNPs (rs3798220 and rs10455872) at the LPA locus are strongly and independently related to Lp(a) levels and to CAD risk. Chassman D. I. 18 
In Women's Health Study, carriers of an LPA SNP (rs3798220) had elevated Lp(a) and double the CVD risk. Aspirin reduced the risk by 56% in carriers but not in non-carriers. Hopewell, J.C 19 
2011
In the Heart Protection Study, the LPA SNPs (rs3798220 and rs10455872) were examined together as an LPA genotype risk score (LPAGRS). The LPAGRS was strongly associated with CAD and PAD. Helgadottir, A. 20 
2012
The two LPAGRS was associated with CAD, MI, stroke, PAD, and abdominal aortic aneurysm. This study indicates the association of Lp(a) with atherosclerotic burden. Thanassoulis, G 21 
2013
Expanded the phenotypic characterization of Lp(a) levels mediated by genetic variation in the LPA locus with incident aorticvalve calcification and CAVD across multiple ethnic groups Kamstrup, P. R 22 
2014
Elevated Lp(a) levels and corresponding genotypes were associated with increased risk of CAVD in the general population, with levels >90 mg/dl predicting a threefold increased risk. Laschkolnig, A 23 
Expanded the phenotypic characterization of elevated Lp(a) concentrations, from small isoforms and rs10455872 with PAD. Thanassoulis, G 24 
2016
Using a MR study design, the strong association of elevated Lp(a) concentrations resulting from genetic variants in LPA with CAVD was confirmed. Emdin, C.A. 25 
The phenotypes characterization associated with elevated Lp(a) expanded to include CAD, AMI, CAVD, stroke, and heart failure. Kronenberg, F 12 
The apo(a) size polymorphism results in >40 isoforms, which are determined at the time of conception. Small Lp(a) isoforms (up to 22 KIV-2 repeats) have higher Lp(a) levels and higher CAD risk independent of established risk factors. Large isoforms in general are not associated with elevated Lp(a) or CAD. Tsimikas, S. LPA located on chromosome 6q26-q27 is the major gene locus for Lp(a) concentrations in all populations. 12 Cloning and sequencing of LPA reveal an extensive structural homology with plasminogen gene. 8, 30 The gene structure and a Lp(a) particle model are depicted in Fig. 1 . 31 Plasminogen contains five kringles (K1 to K5) (1 copy each of KI to KV) and an active protease domain. Apolipoprotein(a), the pathognomonic component of Lp(a), is derived from kringle IV (KIV) and KV and the protease domain of plasminogen 30e33
; it does not contain KI, KII, and KIII. Apo(a) contains 10 subtypes of KIV repeats, composed of 1 copy each of KIV 1 , KIV 3À10 , KV, and multiple copies of KIV 2, which ranges from 1 to >40 copies (Fig. 1) . 31 Lp(a) downregulates endothelial cell plasmin generation and adversely modulate the delicate balance between thrombus formation and fibrinolysis. 12 The homology with plasminogen drives the atherogenicity and thrombogenicity of Lp(a). 2 LPA gene is one of the strongest monogenic risk factors for CAD. 2 The LPA gene is highly expressed in liver with dramatic decrease as well as increase in Lp(a) observed after liver transplant.
34,35
2.2. Lp(a) particle Lp(a) particle is formed by the covalent binding of apo(a) to apolipoprotein B of an LDL particle. 36 The apo(a) protein is large In addition to KIV-2-CNV, several single nucleotide polymorphism (SNPs) in the wider LPA region (LPA SNPs) show pronounced associations with small Lp(a) isoforms and Lp(a) concentration. 9 Genome-Wide Association Studies (GWAS) have identified more than 200 SNPs, with varying prevalence and influence on Lp(a) levels. 42 Some of these SNPs are associated with elevated Lp(a) levels, while others are associated with low Lp(a) levels. 1 LPA genetic risk score consisting of specific genetic variants have also been associated with incident CAD and CVD. 42 Two of these LPA SNPs (e.g. rs10455872 and rs3798220) account for 36% of resultant Lp(a) levels. 17, 36, 37 In a genetic study involving individuallevel data from 112,238 subjects in the UK Bio bank, the researchers examined the effects of both common and rare variants as well as gain-of-function variants that increase Lp(a) levels and loss-offunctions variants that decrease Lp(a) levels. 25 The effect of these different variants on CAD was consistently proportional to their effect on Lp(a) concentrations. One standard deviation (SD) of genetically lowered Lp(a) level was associated with a 29% lower risk of CAD, 25 whereas variations in genes associated with higher high density lipoprotein cholesterol (HDL-C) concentrations were not associated with improved CVD risk.
1,2
Oxidized phospholipids
Lp(a) not only contains all the proatherogenic components of LDL but also of apo(a). Apo(a) potentiates atherothrombosis through its content of the proinflammatory oxidized phospholipids (OxPLs). 3. Lp(a) is an important risk factor for CVD
Epidemiologic studies
In epidemiologic studies, elevated Lp(a) concentrations are associated with a 2-fold risk of CAD (on multivariate analysis, after adjusted for other risk factors). 13, 26, 45, 46 However, in three cohorts of women, Lp(a) was associated with CVD only among those with high cholesterol (>220 mg/dl), and improvement in prediction was minimal. 47 But, epidemiologic studies generally underestimate the risk because they capture the effects of exposure for a limited period of time (usually 5e10 years). 12 Such studies cannot eliminate the concomitant presence of various confounding factors and also cannot exclude reverse causalitydelevated Lp(a) resulting from disease rather than causing disease. 12 
Genetic studies establish Lp(a) as a causal factor
The limitations of epidemiologic studies are overcome by genetic and by MR studies. 12 The random assortment of genes from parents to offspring at conception is termed MR. 37 The laws of Mendelian genetics, by its nature, ensure that randomization of individual genotype is comparable to those of randomized controlled trial designed by scientists. 37 An association of the genotype with disease supports causality 17, 36, 37 because population distributions in risk alleles are generally uninfluenced by behavioral and environmental factors and because associations due to reverse causality are excluded (Fig. 2 ).
12,37
MR studies and GWAS have established Lp(a) as genetic and causal risk factor for CAD. 9, 17, 26 Such studies show a logelinear and potent relationship of Lp(a) to CVD riskda multivariable-adjusted 3-fold risk of MI among those in the top quintile of Lp(a) levels compared with the bottom quintile ( Table 2 ). This greater magnitude of risk in genetic studies is best explained by the absence of various confounding factors as well as the lifelong exposure. An updated review of epidemiologic and MR studies from Copenhagen population showed that increased CVD risk starts at Lp(a) level as low as 20e30 mg/dl. 9 Lp(a) was measured in fresh samples, using isoform-insensitive assay in 58,340 subjects and 1897 validated AMI; the study focused on extreme levels and corrected for regression dilution bias. 9 The odds ratio (OR) for CAD with Lp(a)
!100 mg/dl versus 5 mg/dl was 2.4da value 40% higher than that reported by the Emerging Risk Factor Collaboration (OR 1.7).
9,26
Clarke et al 17 identified several LPA SNPs that were associated with AMI, the strongest being rs10455872 (OR 1.7) and rs3798220 (OR 1.92). A genotype risk score (GRS) involving both SNPs revealed an OR for MI of 1.51 for carriers of one variant and 2.57 for carriers of !2 variants. 17 A meta-analysis of GWAS involving approximately 185,000 CAD cases and controls interrogated 9.4 million allele variants and confirmed a significant association of Lp(a) genotype with CAD. 48 Genetic imputation was based on 1000 G project, but participants were not part of the 1000 G project. Genetic studies by Helgadottir et al, 20 Clarke et al, 17 Nordestgaard et a l, 9 Emdin et al, 25 Kamstrup et al, 14, 49 and Erqou et al, 13 link LPA genotype and GRS with high Lp(a) levels and increased risk of CAD, thereby establishing causality.
12,50
Global burden of LP(a)
At any level of LDL-C, ASCVD events rate are a 2e3-fold risk higher, when Lp(a) level is elevated. Table 3) . 1 This estimated global prevalence is 3 times higher than that for diabetes which affects 415 million adults with an agestandardized prevalence of 8.5% in adults (2015 data). 55 Given the 3-fold difference in the number of affected people and similar OR for ASCVD, the estimated disease burden of elevated Lp(a) surpasses diabetes globally. Of note, the 2018 NHLBI report states that "Lp(a) levels in the atherothrombotic range are generally accepted as !30 to 50 mg/dl or !75e125 nmol/L" 1 The prevalence of Lp(a) may be even higher, if this lower atherothrombotic range is considered instead of !50 mg/dl.
Coronary atherosclerosis and acute myocardial infarction
Rapid progression of coronary atherosclerosis
A high Lp(a) level is strongly associated with the extent and severity of coronary atherosclerosis and total coronary plaque burden, in apparently healthy people.
56e60 High levels are highly correlated with rapid progression of coronary atherosclerosisda strong predictor of adverse outcome. 61e65 Many vulnerable plaques undergo repeated silent rupture and healing, resulting in rapid progression of atherosclerosisda process well-documented in the left main coronary artery. 41 A meta-analysis from 11 studies in secondary prevention reported that patients with higher levels of Lp(a) had significantly more recurrent AMI and MACE. 84 Elevated Lp(a) was the only variable in recurrence of AMI in many studies. 84 In a 3-year follow up of 79 male survivors of AMI in Stockholm (Sweden), 16 patients had recurrent (9 fatal) MI. 84 Compared with the general population, Lp (a) levels were double in AMI survivors and four times higher in those who had recurrent AMI. 84 Another study (n ¼ 232; aged 50e53 years) reported that Lp(a) was the principal driver of recurrent MACE during a follow-up of 11 years. 84 Twenty-six (11%) men with the highest Lp(a) levels had the highest incidence of recurrent MACE (4 times higher than the lowest quartile) and accounted for 33% of MACE. 84 It is also notable that high Lp(a) level is an underappreciated contributor to AMI during pregnancy. 80 
Restenosis following coronary artery revascularization procedures
Lp(a) is a predictor of restenosis after coronary artery revascularization procedures (CARPs) (coronary angioplasty, stent, coronary bypass surgery). 87, 88 A mechanism appears to be a preferential accumulation of Lp(a) compared with LDL at injured sites. 9,89e92 A meta-analysis of nine cohort studies involving 1834 patients suggested that elevated plasma Lp(a) level is associated with in-stent restenosis. 93 Significant reduction in restenosis rates has been noted by lowering Lp(a) through lipoprotein apheresis. 90 
Lp(a) accentuates ASCVD risk in heterozygous familial hypercholesterolemia
Heterozygous familial hypercholesterolemia (HeFH) is an inherited genetic disorder that causes dangerously high cholesterol levels, which can lead to heart disease, MI, or stroke at an early age if left untreated. The possibility of HeFH should be considered if LDL-C is ! 155 mg/dl in those younger than 18 years and !174 mg/ dl for age group 18 to 39 years. 94 Lp(a) levels are significantly higher in approximately 25% of people with clinical HeFH and place them at a greater risk of CAD. 95e98 In the prospective Copenhagen Cohort Study (n ¼ 46,200), the hazard ratio (HR) for AMI was 1.0 for those who had neither HeFH nor Lp(a) > 50 mg/dl. 96 The HR for AMI was 3$2 (2$5e4$1) for patients with HeFH alone, which increased to 5$3 (3$6e7$6) among those having a HeFH and Lp(a) !50 mg/dL. 96 Thus, measurement of Lp(a) in patients with a HeFH helps identify those with highest risk for AMI.
Lp(a) in CVD risk reclassification
Addition of LPA risk genotypes or Lp(a) level to the established risk factors improves the prediction of CAD and AMI in primary prevention. 41, 99, 100 In the prospective Copenhagen City Heart Study 100 (n ¼ 8720), the inclusion of the top quintile of Lp(a) (!47 mg/dl) resulted in a 100% correct reclassification of all patients, who experienced MACE over 10 years; no events were reclassified incorrectly. 100 Likewise, in 15 years of prospective follow-up of 826 men and women in the Bruneck Study, 148 developed CVD. In models adjusted for major risk factors, the OR for incident CVD was 2.37 in the top fifth quintile versus the bottom quintile of Lp(a) levels. 99 Besides, Lp(a) levels helped reclassify 40% of individuals initially categorized as intermediate risk into higher risk or lower risk categories. 99 When the need for statin therapy is uncertain such as people with a 10-year risk of 5e7.5% (estimated by using the Pooled Cohort Equation), the inclusion of Lp(a) with a threshold of !30 mg/dl significantly improves CVD prediction. 101, 102 Thus a case is evident to include Lp(a) level in ASCVD risk calculators.
Lp(a) is an important determinant of residual risk
Evidence from randomized outcome trials of statin, ezetemibe, niacin, and PCSK9 inhibitor have shown that at any achieved LDL-C level, MACE rates are higher, when Lp(a) is elevated, suggesting an unaddressed Lp(a)-mediated risk. 1,42,103e105 In one such outcome trial, carotid atherosclerosis continued to progress in those elevated Lp(a) levels, despite lowering LDL-C to <65 mg/dL. 106 Besides, those with Lp(a) !50 mg/dl had an 89% higher risk of MACE compared with those with low Lp(a). 107 Such residual risk has been documented, even among those with LDL-C <55 mg/dl in primary prevention. 27 
Lp(a) is an important prognostic factor
Elevated levels of Lp(a) levels are associated with greater morbidity and mortality after adjusting for established risk factors and the extent of CVD. 26,105,108e113 This is also true of patients with AMI and treated with or without CARP. 105,108,110,114e117 In the Scandinavian Simvastatin Survival Study (4S), the overall mortality reduction was 30% but varied markedly by the Lp(a) levels. The mortality reduction was 4-fold higher in the lowest quartile of Lp(a) vs the top quartile (58% vs14%). 118 More recent prospective data show a continuous and independent association between Lp(a) levels and risk of sudden cardiac deaths in the general population (with no known CAD). 119 
Lp(a): ethnicity affects Lp(a) levels and consequent CVD risk
Ethnic differences in Lp(a) levels
The NHLBI report estimated the absolute number of world population with Lp(a) > 50 mg/dl as 1.43 billion, with prevalence varying from 10% to 30% (Table 3) . 1 It is known that population mean and median levels of Lp(a) vary by race and ethnicity. 1,120e123 Lp(a) concentrations are lower in Hispanics than in whites 124 ; Chinese newborns have lower levels than in Indian newborns. 125 Native Americans (American Indians) have the lowest Lp(a) levels with a median Lp(a) concentration of 3.0 mg/dl. 126 In whites (populations of European descent), Lp(a) distribution is highly skewed to the right. For example, in the Framingham Offspring Study, 56% of the Lp(a) values were in the range of 0e10-mg/dL, and 70% had <20 mg/dl. 127 Blacks, both Africans, and African
Americans have 2 to 3 times higher levels of Lp(a) than in whites, and their Lp(a) distribution is closer to a Gaussian distribution. 12, 37 But controversy abounds regarding CVD risk imparted by Lp(a) in blacks compared with whites as results of studies span the whole range: higher, similar, and lower to none. 121, 122 Circulating levels of Lp(a) predict MACE irrespective of the ethnicity, LPA SNPs, or isoform.
121,123
The INTERHEART-Lp(a) study
The INTERHEART study is a large international standardized caseecontrol study designed to determine the association between various risk factors and non-fatal AMI in a total of 15,152 cases and 14,820 controls from 52 countries. 29 Cases were defined as those who were admitted to a coronary care unit or equivalent cardiology ward within 24 h of clinical characteristics of a new MI. Controls were stratified by ethnicity and adjusted for age and sex, had no previous diagnosis of heart disease, and were recruited from hospital or community-based settings. Plasma concentrations of Lp(a) were measured in seven major ethnic groups (6086 first AMI cases and 6859 controls and matched by ethnicity), using an immunoassay from Denka Seiken, which included a 5-point calibrator that minimizes the effect of apo(a) isoforms size. 11 The median Lp(a) level was 11 mg/dl in controls and 13 mg/dl in cases for the entire study population with marked variation among the ethnic groups. Chinese had the lowest, and Africans had the highest Lp(a) levels, with South Asians having the second highest levels. When all ethnic groups are combined, there was a 48% higher risk of AMI in those with high Lp(a) (defined as !50 mg/dl). 11 However, marked intergroup differences were noted ( percentile for predominantly white population of Framingham Heart Study (generally considered the standard for the US population). 127 The NHLBI reviewed the two vastly different Lp(a) thresholds across the Atlantic Ocean and arrived at a compromise range rather than a threshold. 1, 5, 129 Their recommendation (published in 2018) is that "Lp(a) levels in the atherothrombotic range are generally accepted as >30e50 mg/dl or 75e125 nmol/L" 1 
Lp(a) and non-coronary diseases
The range of associated phenotypes associated with high Lp(a) has recently been broadened. 25, 131 One SD in genetically lowered Lp(a) level is associated with a 29% lower risk of CAD, 31% lower risk of PAD, 13% lower risk of stroke, 17% lower risk of heart failure, 37% lower risk of CAVD, and 9% lower risk of CKD. 25 There was no association with diabetes, atrial fibrillation, or venous thromboembolism. 25 6.1. Ischemic stroke in adults and children Elevated Lp(a) level is a risk factor for carotid stenosis and ischemic stroke. 14,25,26,131e136 In a meta-analysis of stroke studies, the summary OR for ischemic stroke from elevated Lp(a) was comparable to thrombophilia. 137 Of note, the risk of hemorrhagic stroke is reduced in patients with high Lp(a) levels. 138 Lp(a) is a particularly strong predictor of ischemic stroke in neonates, 139 children, 140, 141 and young adults. 142 Children with high Lp(a) levels have a 4-fold risk of ischemic stroke with an even higher risk for recurrent stroke. 143e145 The ischemic stroke risk is increased as high as 10-fold in those with Lp(a) > 90 th percentile. 140 
Calcified aortic valve disease and heart failure
Severe CAVD results in approximately 50,000 valve replacements and 22,000 deaths annually in the United States alone. 146 An elevated Lp(a) levels is a strong, causal, and an independent risk factor for CAVD. 21, 22, 24 Lp(a) !50 mg dl is associated with double the risk of CAVD compared with those below this level. 147 Kamstrup et al 148 evaluated the causal role of elevated Lp(a) in heart failure using MR design. During a follow-up of 98,097 healthy subjects (from 1976 to 2013), 4122 were diagnosed with heart failure. Those with Lp(a) !20 mg/dl (60 th À90 th percentile) had a 24% increased the risk of heart failure; the risk was doubled in those with Lp(a) !67 mg/dl (>90 th percentile p value for trend < 0.001), corresponding to a PAR of 9%. Risk estimates were substantially reduced when those with MI and CAVD were excluded, indicating that most of the risk for heart failure was mediated by these two conditions. 148 
Lp(a) and other vascular and non-vascular diseases
High Lp(a) levels are highly correlated with PAD in people with and without diabetes. 23 
Lp (a): measurements and interpretation
Use only isoform-insensitive Lp(a) assay: lessons from Physician's Health Study
Differing Lp(a) particle sizes with more than 40 isoforms provide unique challenges to standardize the Lp(a) assays. As discussed earlier, small isoforms are associated with high Lp(a) levels and high risk of CAD, whereas large isoforms are associated with low Lp(a) levels and no CVD. 1 Earlier Lp(a) assays which were isoform sensitive overestimated Lp(a) levels when the Lp(a) isoforms were large and underestimated the Lp(a) levels when Lp(a) isoforms were small. 12, 129 The pitfall of using an isoform-sensitive assay is best illustrated by three Physician's Health Studies (PHSs) that sadly set the clock back on Lp(a) research by over 2 decades. 164e166 The enthusiasm for Lp(a) research in the 1980s was dampened by these reports that failed to show any association of Lp(a) with MI, stroke, or PAD. 164e166 By the time the fourth PHS was initiated, Marcovina et al 167, 168 had developed and validated an isoform-insensitive enzyme-linked immunosorbent assay (ELISA), which has become the reference standard for measuring Lp(a) level. An extensive review of numerous issues affecting Lp(a) has been published recently. 168 Rifai et al 52 measured Lp(a) levels using the reference standard ELISA in PHS participants who developed severe CAD and angina. This study showed a strong relationship between Lp(a) levels and CAD, with 35% higher Lp(a) levels in cases than in controls (p ¼ 0.02). 52 The CAD risk was increased 2-fold in those with Lp(a) > 80th percentile and a 4-fold in those with Lp(a) > 95th percentile. In contrast, there was no association of Lp(a) levels and CAD when Lp(a) was measured in duplicate with the commercial assay used in the first three PHSs. 52 The Women's Health Study and all other subsequent studies using isoform-insensitive Lp(a) assays have shown a strong correlation between Lp(a) and ASCVD. 11, 26, 45, 46, 53 These data underscore the importance of using only isoform insensitive assays in measuring Lp(a) levels.
Selective decrease in high Lp(a) levels on stored serum
Small Lp(a) isoforms (that predominate in CVD patients with high(a) levels) deteriorate significantly than larger isoforms in specimens stored for years and decades. 169 As a result, the differences in Lp(a) levels between cases and control may narrow or disappear. This phenomenon probably explains why Prospective Cardiovascular Munster study and others that measured Lp(a) levels in fresh plasma found a strong association of Lp(a) !20 mg/dl with AMI (OR 2.7), 28, 78 in contrast to !30e50 mg/dl in specimens stored for an extended period of time. 
World Health Organization International Federation Of Clinical Chemistry Reference Material for Lp(a) immunoassay
To standardize the measurement of Lp(a) assay, the International Federation of Clinical Chemistry (IFCC) developed a Reference Material using a monoclonal antibody that specifically recognizes KIV-9 (and not KIV-2 repeats) and assigned a value of 107 nmol/l in 2004. Upon acceptance by the World Health Organization (WHO), this became the World Health Organization International Federation of Clinical Chemistry Reference Material (WHO/IFCC RM) for Lp(a) immunoassays. 173 But the assays remained isoform-sensitive until an expert panel led by Macovina et al 129, 167, 168, 174 developed a reference ELISA method not sensitive to apo(a) isoform size. 1 In a comparative study involving 19 different commercial assays, the one with the best concordance with the reference ELISA assay was a latex-enhanced turbidimetric assay developed by Denka Seiken. 129, 168 The impact of isoform size variation is reduced or eliminated by the use of five different calibrators. 129, 168 Lp(a) concentration in these assays are traceable to WHO/IFCC RM, and the results are reported in nmol/l. It is worth highlighting that NHLBI recommends assays to report values in apo(a) particle number as nmol/l and not mg/dl. 1, 168 It also cautions against measuring Lp(a) mass and converting to nmol/l by multiplying with factor (usually 2.5). 129 Precise methods and Lp(a) kits based on the Denka reagent that can be run through almost all chemical analyzers are available (in the US and India).*The test is available at most hospitals and outpatient laboratories in the United States. In a welcome step, such isoform-insensitive assay is The prevalence of elevated Lp(a) levels varies 7-fold when a threshold of Lp(a) > 50 mg/dl is used. 4 Higher Lp(a) concentrations are consistently associated with risk of AMI (except in Africans and Arabs). The latter might have been due to small number of study participants. 5
The odds ratio (OR) for AMI using a threshold of Lp(a) > 50 mg/dl, adjusted for smoking, diabetes, hypertension, and ApoB/Apo A1 ratio is 1.48; the OR increases to 1.58, when Africans and Arabs are excluded from analysis. 6
The OR for AMI from high Lp(a) concentrations is highest in South Asians (OR 2.14), followed by South East Asians (OR available for clinical use through commercial enterprises in the United States.**
Indications for measuring Lp(a)
The indications for measuring Lp(a) are listed in Table 6 . 5, 175 Levels can be measured any time beyond age 2 years after which the levels do not change. 125, 176 Given that Lp(a) levels are genetically predetermined and remain stable over one's life, a single measurement of Lp(a) during a lifetime is generally sufficient. At a cost of $ 25 to $100 for an Lp(a) test (similar to that of a standard lipid profile), a onetime measurement of Lp(a) is cost effective in ASCVD risk assessment.
Management strategies for elevated Lp(a)
Lp(a) levels are refractory to lifestyle interventions. The gold standard of a double-blind randomized control trial to test the Lp(a) a hypothesis that specifically reducing Lp(a) level leads to ASCVD and CAVD risk reduction has not been carried out to date. Although several drugs are in advanced stages of development, 177 present management strategies include cascade screening and aggressive prevention and control of all modifiable risk factors.
2,178
Cascade screening and prevention of modifiable risk factors
An Australian study of 2010 white children aged 6e12 years showed that their Lp(a) levels were predictive of both premature onset and severity of CAD in their grandparents. 179, 180 The study also substantiated that the children's Lp(a) tracks the best fit parent or grandparent rather than the average of levels in two parents or four grandparents. 179, 180 Other studies have shown Lp(a) is one of the strongest biological mediators of family history of premature CVD. 181e183 High Lp(a) is strongly associated with coronary plaque volumes, extent, and severity in apparently healthy people. 184 Asymptomatic individuals with family history of premature ASCVD or high calcium score should have Lp(a) measured. 182, 184 In those with high Lp(a), it is vital to prevent or reduce modifiable risk factors, e.g., prevent acquisition of smoking habit, cease tobacco use, and reduce LDL-C. In young women with elevated Lp(a) levels, the potential thrombotic risk from oral contraceptives must be weighed against discontinuation or use of lowest risk formulations.
Low-dose aspirin
The Women's Health Study used carriers of an apo(a) genetic variant (rs3798220) as a proxy for elevated Lp(a). The study found double the CVD risk in carriers compared with non-carriers. More importantly, low-dose aspirin therapy markedly reduced CVD risk in carriers (56%) but not in non-carriers. 18 Others have shown up to 80% reduction with low-dose aspirin in those with very high serum Lp(a) concentrations (>30 mg/dl). 185 
High-intensity statin therapy
The highest priority in management of high Lp(a) is to lower LDL-C to the lowest safe levels, especially in the young with risk factors or rapidly progressing CVD. 177, 186 Randomized clinical trials, observational reports, and MR studies are also forcing a reconsideration of what "normal" LDL-C means. A recent meta-analysis has clearly demonstrated the safety and benefits of lowering LDL-C from 65 mg/dl to as low as 21 mg/dl. In this analysis, 1 mmol/l (38.7 mg/dl) reduction in LDL-C was associated with a 21% reduction in MACE. 187 This was comparable to 22% reduction in MACE for the same magnitude of reduction in LDL-C from a higher baseline LDL-C (from 140 to 100 mg/dl). 187 Patients with Lp(a) level !50 mg/dl are considered high risk even in the absence of other risk factors. 188 193 In patients with CVD and LDL-C !70 mg/dl on statin therapy, evelocumab lowered LDL-C to a median of 30 mg per deciliter and reduced MACE by 15%. 193 The primary efficacy endpoint was the composite of cardiovascular death, MI, stroke, hospitalization for unstable angina, and coronary revascularization. There was a monotonic relationship between achieved LDL-C and MACE down to LDL-C concentrations <10 mg/dl. Importantly, there were no safety issues with very low LDL-C concentrations over a median of 2.2 years. 193 In the Evaluation of Cardiovascular Outcomes After an Acute Coronary Syndrome During Treatment With Alirocumab (ODYSSEY OUTCOMES) trial, a significant reduction in all primary and secondary endpoints was observed in those who were randomized to alirocumab. 194 The primary endpoint was a composite of death from CAD, nonfatal MI, fatal and nonfatal stroke, or unstable angina requiring hospitalization. The risk reduction was 15% for both composite primary endpoint and all-cause death, 12% for CVD death, 27% for fatal and nonfatal stroke, and 39% for unstable angina requiring hospitalization. 194 PCSK9 inhibitors are costly, but in Subjects with familial hypercholesterolemia. 4 Recurrent CVD events despite high-intensity statin treatment. 5 Subjects with statin resistance (<50% reduction in LDL-C, in spite of high intensity statin therapy). 6 Subjects whose need for and/or intensity of statin therapy are not clear.
assessing cost effectiveness, the number of initial and recurrent MACE prevented in high-risk patients must be factored. 195 
Lipoprotein apheresis
An 11-year old boy presented with multiple thrombotic strokes secondary to elevated Lp(a) as the only identified risk factor and was treated promptly with lipoprotein apheresis (LA). 144 Eighteen months poststroke, he is still receiving LA treatments and has made remarkable progress in his recovery without another cerebrovascular event. 144 In the United States, <50 patients with progressive CAD and elevated Lp(a) are receiving LA therapy compared with >1500 patients in Germany. 196 Apheresis is expensive, burdensome, and unavailable in most countries. Notable exceptions are Germany and UK, as they bear the cost of apheresis treatment for ASCVD patients with Lp(a) levels !60 mg/dL together with progressive CVD and recurrent MACE or uncontrolled LDL-C. 2 Weekly LA removes all apoB-containing lipoproteins including Lp(a) by 60e70% acutely, but the average reduction is only 30%e35%, because Lp(a) rapidly increases during the interval between the procedures. 196 Reseller et al 197 have recently reported the 5-year follow-up of a prospective LA trial in 170 patients (mean age 49 years) with markedly elevated Lp(a) (108 mg/dl) and progressive CVD, despite maximally tolerated statins (LDL-C <100 mg/dl). The annual incidence of MACE during 5 years of LA was reduced by 85% compared with rates in the 2 years prior to LA. 197 The effects may have been exaggerated because of lack of randomization and the use of historic control rather than simultaneous control. Jaeger et al 198 have reported similar impressive resultsda 75% reduction in Lp(a) and 63% reduction in LDL-C levels and a highly significant 86% (P < 0.0001) reduction in MACE. A creative international clinical trial of LA therapy (NCT02791802) is currently underway with German sites randomized to LA and non-German sites to "usual care". 1 
Selective Lp(a) apheresis
Safarova et al 199 used intensive statin therapy to lower LDL-C < 100 mg/dl in patients with Lp(a) !50 mg/dl. Subsequently, onehalf of the patients received weekly Lp(a) apheresis for 18 months on top of statin therapy, while the other half (statin only) served as the control. Lp(a) apheresis reduced Lp(a) levels by 73%, resulting in regression of atherosclerosis as measured by quantitative coronary angiography, compared with controls. These studies strengthen the concept that CAD risk can be reduced by lowering Lp(a) level.
Novel therapies to lower Lp(a)
The inhibition of apo(a) gene expression is a focus of intense research. 161 Antisense oligonucleotides are a class of synthetic analogs of nucleic acid that selectively bind to target mRNA, preventing their translation and secretion. Antisense therapy markedly lower plasma Lp(a) levels even in those with very high pretreatment Lp(a). 200, 201 Two such agents ISIS-APO(a) and IONIS-APO (a)-L Rx have shown to lower Lp(a) and OxPL by 78%e90% with no apparent adverse effects. 200 This new technology represents a new therapeutic paradigm to reduce elevated Lp(a) to normal level. 201 
Conclusions
It has taken more than 50 years after its discovery, for Lp(a) to finally come of age. Research scientists, but not practicing clinicians, have recognized Lp(a) as an independent genetic causal factor for ASCVD. On the basis of epidemiologic, genetic, and pathophysiological studies summarized in this article, we submit that elevated Lp(a) should be considered as a major risk factor for ASCVD and its various phenotypes. The 2018 Cholesterol Clinical Practice Guideline have recognized elevated Lp(a) as an ASCVD risk enhancer to be considered in initiating or intensifying statin therapy. Although genetic data support Lp(a) levels <20 mg/dl as optimal, the NHLBI of Experts have concluded Lp(a) levels !30e50 mg/dl (!75e125 mg/dl) as the atherothrombotic range. Even when the more conservative threshold of Lp(a) > 50 mg/dl is used to define elevated Lp(a), such levels affect 10%e30% of the global population (compared to 8.5% for diabetes). The INTERHEART-Lp(a) studydwith its size, design, and global enrollment highlights the need for ethnic specific Lp(a) thresholds.
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Lp(a) level should be measured by an assay insensitive to isoform size and reported in nmol/l to reflect the Lp(a) particle concentration. Specific therapies to address Lp(a)-mediated CVD and CAVD are in development.
The first golden age of Lp(a) research started in 1987 with the cloning and sequencing of Lp(a) coding for apo(a) in Lp(a). 30 The second golden age of Lp(a) research began 22 years later in 2009, with the genetic evidence that Lp(a) is a causal factor and not just a biomarker. 16, 17 Studies with potent and specific Lp(a) lowering drugs are currently underway to test the hypothesis that lowering Lp(a) will reduce CVD risk in patients with elevated Lp(a) levels. A third golden age is in the horizonda period in which effective Lp(a) lowering medications, proven by randomized double-blind clinical trials to reduce CVD risk are approved, available, affordable, and prescribed in accordance with indications.
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